CHEMOTHERAPY as such may be said to have been born when Ehrlich produced such materials as salvarsan and other organic compounds of the metals which have revolutionized the treatment of spirochaatal and protozoal diseases.
As
In the interval between the development of these two compounds many attempts were made to discover materials having an effect upon cocci and bacilli. The dyes naturally attracted attention since many of them were obviously " fixed " by organisms, as is demonstrated by the fact that they so readily dye, or stain, the organisms on our microscope slides. There is, indeed, a very definite relationship between the " fastness " of a dye for the colloidal fibres of which most of our fabrics are made and its bactericidal activity. A fast dye may thus be suspected of bactericidal powers; Horlein in 1910 found that the fastness of azo dyes was greatly increased by the incorporation of a sulphonamide group.
Other materials have of course been used clinically, for instance acriflavine or mercurochrome intravenously, but in general the results have not been very impressive. In 1913 Eisenberg showed that in vitro the azo dyes had a relatively powerful bactericidal action, but his attempts to apply chrysoidin for this purpose in the body were unsuccessful. In 1919 Heidelberger and Jacobs at the Rockefeller Institute found that sulphamido-azobenzene compounds had considerable bactericidal powers, but again this discovery led to no practical application. Later Mietzsch and Klarer discovered still more active compounds having the azo and sulphonamide groups in the benzene ring. The British Drug Houses have produced such materials as S.U.P.36, &c., for many years. These are symmetrical urea products, but they also contain amino and sulphonate groups.
It was not until 1935, however, that Domagk showed that the azo compounds with a sulphonamide group have a definite therapeutic effect upon the experimental streptococcal septicamia of mice, and a series of somewhat similar products was developed. These, however, were not devoid of toxic effects. A year later it was found that the azo arrangement was not essential, but that the colourless and comparatively simple compounds containing a sulphonamide group were equally or even more active. It was further suggested that when products of the azo dye type entered the body a breakdown occurred, liberating simpler substances of the amino-sulphonamide type, which alone are responsible for the bactericidal activities.
At the present day we have available a large series of products of a similar nature the structural formulae of which are here given
These are chiefly in use against streptococcal and diplococcal infections. In addition certain products having a different side linkage have been evolved for which antistaphylococcal action is claimed
\CH3
There are many synonyms for sulphanilamide which must not deceive us; some preparations have additional side chains for which special properties are claimed.
It would probably be a fair summary of the present position to say that the experiments prove (a) that these compounds have a powerful effect against haemolytic streptococcal infections, (b) that some of them are particularly active against the diplococcal group of organisms, (c) that one or two are effective against staphylococcal infections, but the others are inactive, (d) in gas gangrene, infections with Cl. welchii and Cl. septique yield to certain of the preparations, but that the Cl. cdematiens is very resistant to all, (e) all are without effect upon the virus diseases. The practical surgeon will ask how these experimental results fit in with the clinical results. I have attempted to answer this important question partly from chemical and experimental reports but chiefly as a result of clinical observations. The very diversity of a general surgeon's work renders it difficult to collect a large enough series of any individual condition to make an impressive statistical and comparative study, but the varying experiences which it provides over a wide range of different conditions may enable him to reach some worth-while conclusions.
First with regard to the specificity of the various products. Here my clinical results agree fairly closely with the experimental ones, and have led me to believe that they are specific in their action, in some instances remarkably so. Plain sulphanilamide, under its numerous synonyms, has proved to be very effective against hxemolytic streptococcal infection; it has been of little value against other more resistant streptococci, particularly of the feecalis type. I have not found it to be of use in staphylococcal infections. As an instance of this I may record ten cases of violent infection of the fingers and hand, all associated with lymphangitis, enlargement of glands and severe general symptoms, eight yielded to sulphonamide but two showed no response. Bacteriological investigation showed that these two were due to the Staphylococcuts aureus although clinically they exactly resembled the other streptococcal cases.
This specificity of action is often demonstrated in cases of mixed infection when the sensitive organisms are destroyed while the others may get a firmer footing. In cases of cystitis and pyelitis the Streptococctis fxecalis remains after other organisms have been cleared up by chemotherapy. At the Mayo Clinic they are now trying sulphathiazole and sulphamethylthiazole, for these cases with, it is claimed, remarkable success. It has, of course, not been suggested that the sulphanilamide compounds are of value in bacillary infections (although claims have recently been advanced for their use in anthrax) and corresponding to this I have noted in some cases of highly infected wounds and sinuses that the pyocyaneus organism is one that gets a hold when the more virulent cocci have yielded to treatment.
Cases of erysipelas have responded well to sulphanilamide, as did also the cases in a small outbreak of post-operative wound infection traced to a htemolytic streptococcus from the throat of a nurse. The nurse herself, however, was not cleared of the organism even after several courses of various chemotherapeutic agents had been tried. This suggests that where the natural powers of resistance have reached a balance with the invading organisms over a period, chemotherapy cannot be relied upon to upset that balance.
I have had the opportunity of treating a few cases of streptococcal ihfections of large joints in this way, but, although I have little doubt that the general effect was excellent, in all cases it was necessary to adopt surgical measures in the form of repeated aspirations and subsequent open drainage. One case, of four, in which knee-joint infection was secondary to a severe diabetes, died after the infection had spread to the intermuscular cellular tissues of the thigh, probably through the needle punctures of the earlier aspirations.
Two cases of submaxillary cellulitis responded fairly well, additional surgical treatment being necessary; in many of these cases there is undoubtedly a very mixed flora present so that they are not good examples of antistreptococcal action. The results of this treatment in throat cases, in gonorrheea or in infections, postoperative or other, of the lungs have been already widely reported. But the general surgeon is concerned with infections of the pleura. It is to be expected that the exhibition of sulphanilamide and especially of sulphapyridine in lung infections will greatly diminish the incidence of pleural infections. In my experience in cases of empyema these products form a very useful addition to, but not usually a substitute for, surgical treatment. The problem of empyema raises a question of general interest, namely whether these materials can be expected to have much action upon closed collections of pus. It is easily arguable that substances circulating in the blood-stream cannot reach the organisms in a cavity, and this conclusion is widely accepted, but it must not be forgotten that the active organisms are those present in the living walls of the cavity where they come under the influence of exudates from the capillaries and, therefore, under the influence of such chemicals as may be present in the blood. That such influences may be very effective in combating the organisms is occasionally demonstrated under entirely natural circumstances by the formation of abscesses the pus in which is sterile, and I believe that a similar effect occurs frequently with chemotherapeutic treatment. I have certainly seen smaller collections of streptococcal pus disappear with the treatment; where the amount of pus has been large, as in empyema or knee-joint infection, it has been necessary to supplement the treatment by active surgery, as we have already seen. In the case of massive infection in cavities it is feasible that, even if the active organisms in the wall of the cavity were destroyed, reinfection from the pus would occur. Some dinical observations lend support to this view. The results have been less remarkable in staphylococcal infections. Outstanding among staphylococcal infections is acute osteomyelitis. In view of the specific action of the chemotherapeutic materials, it is not surprising that both sulphanilamide and sulphapyridine should have been found to be of little value. I used them in the early days upon several cases, and even recently in two cases where I wrongly thought that I was dealing with a streptococcal bone infection, proved subsequently to be due to a very virulent Staphylococcus aureus. In all these no obvious clinical results were obtained. With uleron, however, I have had some happy experiences. Rubiazol and albucid are said to have a similar effect, but I have no personal experience of them in osteomyelitis.
All these substances are sulphonamide derivatives and possibly the expert chemist might be able to tell us what particular side linkage gives the products this antistaphylococcal action for my own part I have to rely upon clinical observations. It is true that there are many grades of severity in osteomyelitis and that the blood-stream infection varies greatly, so that the clinician may be deceived when dealing with comparatively small groups of cases. Even when due allowance is made for this, I feel that in uleron (and possibly in the others mentioned) we have a very powerful remedy in this disease. When given in the early stages, on a definite diagnosis, the signs and symptoms usually disappear in three or four days, and in many of these early cases no need for surgical interference arises. I expected that some of the cases would later show signs of a Brodie's abscess, but so far I have not been able to confirm this. Possibly such a sequel may depend upon the exact site of the invasion of the bone. In other less serious staphylococcal infections both uleron and rubiazol have been employed successfully.
In general each 'compound appears to have a special activity against certain types of organismns and much less or no action against others. Nevertheless this specific action is not absolute and does not always run along parallel lines for different parts of the body. Thus if we take one particular chemical and make a chart of its relative efficiency upon different organisms invading some tissue in the body, and then make a corresponding record of its efficiency against the same organisms in the urine, the two charts will not of necessity be the same. This is an unexpected and rather paradoxical result for which I am unable to offer a good explanation. I believe, however, that a little light may be thrown upon this problem when we consider the mode of action of these materials, and so we address ourselves to the second question. How do they act ? To answer this it will be necessary to appeal to experimental work. In vitro some of the products have a direct bactericidal, or at least bacteriostatic, effect in considerable dilution, but most observers agree that when mixed with deleucocyted blood they have little action. As soon as leucocytes are added the full effect of the chemical is developed. It is clear, therefore, that in some' way these products enhance the natural resisting powers of the body. Whether they do this by increasing the phagocytic power of the leucocytes, thus acting like opsonins, or whether by diminishing the vitality of the organisms they render them easy prey for the white cells is at present a matter for conjecture. The fact that long-continued administration is accompanied by a risk of agranulocytosis might tempt us to take the former view, for it is an accepted biological fact that stimulating influences if long continued or excessive often have a reverse inhibiting action. There is, however, also some evidence to show that the vitality of the organisms is seriously diminished by these substances and many have been forced to the condusion that both factors are at work.
That the natural resisting powers are involved, apart from the leucocytes, seems to be shown by the experimental observations upon gas gangrene infections, when the best results were obtained by a combination of chemotherapy and antiserum. Since this is mainly a clinical discussion I will not pursue this aspect further.
Care is required in answering the next question: Are they sufficiently reliable to replace other long-established methods of treatment ? Obviously no general answer can be given to this, but there are some awkward pitfalls into which over-enthusiasm may lead us. Too frequently the natural course of a disease is ignored when claims are made for new treatments. In dealing with streptococcal infections particular caution is necessary for they are prone, as we all know, to termination by some form of crisis at the end of a few days. In assessing our results therefore we must bear this in mind. Nor must the results obtainable by treatment with antitoxic sera be overlooked, for they are sometimes brilliant. I recall, in my house-surgeon days, an epidemic of post-operative streptococcal infection affecting six cases in a ward. The initial case, a radical mastectomy, (lied rapidly before a sufficient dose of serum was given, but the other five responded very promptly and all cleared up within a few days. This was, of course, with the old polyvalent antistreptococcal serum; the newer antitoxic sera are of greater value. On the other side of the balance we must unfortunately place large numbers of cases which have failed to respond at all, probably because the sera are too specific to affect any other than the particular strain of organism for which they are produced.
I have borne all these points in mind when coming to the conclusion that the chemotherapeutic products can in many instances completely replace older forms of treatment, but it may be noted that tlleir exhibition does not mean that other appropriate treatments may not be used in addition. Thus surgical drainage and serum are employed in addition to chemotherapy.
What deleterious effects can theyhave upon the body? I have seen very few. Minor complaints, such as headache, nausea, lassitude and general malaise, have been frequently observed, while distinct cyanosis and methaemoglobiniemia have been seen in about one case in five. I have no experience of the preventive value of methylene blue in the latter conditions, but as in all instances these conditions appeared to be very transitory phenomena, causing little disturbance to the patient. I have not considered them in any way a contra-indication to the treatment.
The more serious state of agranulocytosis is recognized to be associated with the administration of the sulphanilamide products, but I have not met with any cases, though I know of two cases in which it followed prolonged administration. On the other hand I have two cases of chronic conditions in which, following a full dosage of sulphapyridine for five days, a reduced dosage of 1 l/2 grm. was continued for several weeks continuously, with blood-count control. At the end of this period the white counts were between six and seven thousand with 65% and 700% polymorphs respectively. In another case treatment with rubiazol was continued over several months, with, it is true, short intervals, but the white count remained normal. I can offer no explanation why some patients develop agranulocytosis so readily while others are very resistant, but the consensus of opinion is that the method of administration is a factor of importance. The concentration of the drug in the blood should reach its maximum as soon as possible by giving large initial doses; it should be maintained at this level for a few davs only, and fturther administration should then cease whether or not there has been a satisfactory response. More prolonged treatment should be given intermittently with sufficient free intervals. Many believe that these prolonged administrations defeat their object because the organisms become resistant to the druigs.
To some extent these conclusions give an answer to our final question: Are they safe enough to warrant their use in cases where the natture of the infecting organism is uinknown ? Scientifically these compounds should be given for the treatment of the appropriate infections only after bacteriological proof of their nature, but if we keep strictly to this principle we shall certainly deny the treatment to manv cases where it may have been of the utmost value. If bacteriological proof can be obtained easily and rapidly this should be done, but in other cases a careful clinical diagnosis should be sufficient to warrant a trial of chemotherapy. Clinical diagnosis can be very deceptive in some cases, but I have no evidence that the cases thuLs wrongly treated suffered any serious development as a result.
Chemotherapy is of use for other conditions not so obviouisly within the sphere of application of these )roducts.
The secondary infection associated with discharging sinuses in tuiberculosis of bones and joints often yields well to chemotherapy, although the reinfection which almost surely occurs may seem to indicate that such treatment is misapplied. There arise periods, however, in these cases when the secondary infection dominates the picture and at stuch times chemotherapy will be fouind useful. I have already mentioned that pyocyaneuis infectioni mav become active as the cocci vield to treatment.
JITLY-SURG. 2.
In diverticulitis of the colon, apart from major attacks ending in abscess formation, there are recurring attacks of inflammation of less severe character. I have treated a number of these cases chemotherapeutically, usually with rubiazol. The treatment shortens the duration of the attacks and probably prevents many of them from becoming major. The usual dietetic and other regimes are, of course, used in conjunction.
It has been authoritatively stated that chemotherapy has little prophylactic value, the presence of the organisms being necessary for the powers of these substances to develop. This implies a great difference between the invasive and toxic properties of organisms. It is difficult to reconcile this view with clinical experiences, and therefore r have not hesitated to use the new products in this way when a septic operation is contemplated. The number of cases available for study is too small to justify any dogmatic statement, but my impression is that such use is well worth while. This applies particularly to operations upon the colon. I have not used these materials in acute appendicitis, but in the type of appenidicular pain in children which follows a tonsillar infection with enlargement of cervical glands, and which is probably due to a real non-obstructive appendicitis, they appear to be very effective.
Finally I will mention two cases of Crohn's disease in which I have tentatively used chemotherapy. Whatever the primary cause of this interesting condition, there must be a well-marked secondary infection which might be reduced in this way. One of these .cases ultimately had a surgical resection done for obstruction and is therefore of little value for our purpose, in the other, sinuses were already present and laparotomy, while confirming the diagnosis and allowing of biopsy and bacteriology, revealed such technical difficulties owing to adhesions that the intended resection was abandoned. The subsequent progress of this case treated chemotherapeutically is such as to inspire the belief that the method is worthy of further trial. This case is still under treatment and observation.
